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(54) ELECTROSTATIC MODIFIED TYPE INK JET HEAD AND RECORDING METHOD WITH SAME 

(57)Abstract: 

PURPOSE: To provide an ink jet head which can prevent evaporation of 
ink by independently providing nozzles and closing an ink discharge 
passage immediately before printing. 

CONSTITUTION: An ink jet head has an ink chamber 9 for filling ink 
therein and an orifice 6 for externally discharging the ink in the 
chamber, and comprises conductive elastic elements 3, 3 covered with 
insulating layers 4 and vertically oppositely disposed at the chamber 
side of the orifice 6 to form an ink discharge passage 9' therebetween. 
When a voltage is applied between the elements 3 and 3, the elements 
are elongated by an electrostatic attraction force to be applied to the 
elements to close the passage 9'. When both the elements are 
grounded, the elements are returned to original states to open the 
passage 9'. 
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* NO'TICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrostatic deformation mold ink jet head characterized by having arranged the 
electrode with which an ink outflow way is formed in the ink room side of said orifice, and at least one 
side becomes this ink outflow way from a conductive elastic body in the ink jet head which has the 
orifice for ink regurgitation formed in the ink room and this ink room for filling ink inside face to face. 
[Claim 2] The electrostatic deformation mold ink jet head according to claim 1 characterized by being 
free, without fixing said conductive elastic body only in respect of one, and fixing other 5th page. 
[Claim 3] The electrostatic deformation mold ink jet head according to claim 1 or 2 characterized by 
covering said conductive elastic body by the insulating layer. 

[Claim 4] In the record approach by the ink jet head which has the orifice for ink regurgitation formed in 
the ink room and this ink room for filling ink inside The ink outflow way where at least one side has 
countered and arranged the electrode which consists of a conductive elastic body to the ink room side 
of said orifice is formed. Expand an elastic body with the electrostatic attraction which joins a 
conductive elastic body when an electrical potential difference is impressed between this conductive 
elastic body and an electrode, and an ink outflow way is closed. The record approach by the 
electrostatic deformation mold ink jet head characterized by for a conductive elastic body returning and 
opening an ink outflow way when not impressing an electrical potential difference. 

[Claim 5] The record approach by the electrostatic deformation mold ink jet head according to claim 4 
characterized by fixing said conductive elastic body only in respect of one, and not fixing other 5th page, 
but making an elastic body expand and contract freely, and making an ink outflow way open and close. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the ink jet which is made to elongate an 
elastic body with electrostatic attraction, and closes the orifice for ink regurgitation at the time of un- 
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printing about an ink jet. 
[0002] 

[Description of the Prior Art] Various methods, such as a piezo method which expand in an ink jet 
recording apparatus, it is made to expand and contract an ink room by vibration of the piezo-electric 
element of a bimorph mold, and performs supply by turns with the regurgitation of ink, and Bubble Jet 
which generates a bubble in liquid ink at a heater, and makes ink breathe out with growth of a bubble, 
are learned. 

[0003] It is mentioned as a problem common to the ink jet method of these versatility that the 
regurgitation of ink is unstable. It is pointed out that the moisture of ink evaporates and the viscosity of 
ink rises as this cause, that evaporate and dry ink plugs up an orifice, etc. 

[0004] To this problem, the cap is prepared in the ink jet head, when printing, this cap is removed, and 
when not printing, the technique of putting a cap and preventing evaporation of ink is known. Moreover, 
the equipment of a cap which inserts in and performs outside ** automatically is also proposed ("Japan 
Hardcopy T 90 collected works P205-P208" 1990 year 6 month issue, the Society of Electrophotography of 
Japan). 
[0005] 

[Problem(s) to be Solved by the Invention] However, equipment for this approach to put a cap 
mechanically becomes complicated. Moreover, although many nozzles are usually arranged to 
juxtaposition and the ink jet head is formed, when printing at least one of them, it will be in the condition 
that other nozzles were opened wide, and ink will evaporate in the meantime. 

[0006] This invention is a thing aiming at solution of the above-mentioned problem, and each nozzle has 
closed the ink outflow way independently just before printing, and it aims at offering the ink jet head 
which can prevent evaporation of ink. 
[0007] 

[Means for Solving the Problem] In the ink-jet head which has the orifice for ink regurgitation formed in 
the ink room and this ink room for filling ink inside, this invention of ** which attains the above- 
mentioned purpose forms an ink outflow way in the ink room side of said orifice, and is characterized by 
the configuration which countered and has arranged the electrode with which at least one side becomes 
this ink outflow way from a conductive elastic body. 

[0008] Moreover, the approach of this invention is set to the record approach by the ink jet head which 
has the orifice for ink regurgitation formed in the ink room and this ink room for filling ink inside. The ink 
outflow way where at least one side has countered and arranged the electrode which consists of a 
conductive elastic body to the ink room side of said orifice is formed. When an electrical potential 
difference is impressed between this conductive elastic body and an electrode, an elastic body is 
expanded with the electrostatic attraction which joins a conductive elastic body, and an ink outflow way 
is closed, and when not impressing an electrical potential difference, it is characterized by the 
configuration which a conductive elastic body returns and opens an ink outflow way. 
[0009] 

[Example] The example of this invention is explained according to a drawing below. Drawing 1 is the side 
elevation of the ink jet head as one example of this invention. Although the concrete numeric value is 
contained, it is not for deepening an understanding and is not necessarily limited to this. Moreover, 
although explained using a nozzle as an example, it is the same also to a slit. 

[0010] The common electrodes 2 and 2 which are from a respectively thin aluminum layer on the with a 
thickness of 40 micrometers opposed face side of the up-and-down substrates 1 and 1 are formed, and 
it is die length 100 on the right-hand side of an up-and-down substrate. It crosses to mum and 
thickness is 100. The conductive elastic body 3 of mum is fixed and a it top is covered by the insulating 
layer 4 with a thickness of 20 micrometers of a high dielectric constant. The side plates 5 and 5 with a 
thickness of 40 micrometers are attached, the orifice 6 with a diameter of 30 micrometers is drilled in 
the right-hand side side plate 5, and the duct 7 to which the pressurized ink is supplied is connected to 
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the left-hand side side plate 5 at the right-and-left both sides of substrates 1 and 1. The left-hand side 
of substrates 1 and 1 is thickness 0.4 to the common electrode 2 which meets. The thin insulating layer 
8 of mum is put and the ink room 9 is formed. 

[001 1] Although the upper and lower sides are inserted into the ink room 9 with substrates 1 and 1 like 
illustration and order is divided with side plates 5 and 5, the direction which becomes a drawing and a 
perpendicular is divided with the batch member which is not illustrated, and many nozzles are formed in 
the direction perpendicular to a drawing together with juxtaposition. 

[0012] Although the conductive elastic body 3 covered with the insulating layer 4 is being fixed to the 
substrates 1 and 1 of a top or the bottom in the top face of the 6th page of the front and rear, right and 
left upper and lower sides, or the inferior surface of tongue, the 5th page of the 4th page and inferior 
surface of tongue (or top face) of front and rear, right and left is free, without being fixed anywhere, and 
forms ink outflow way 9' between the up-and-down insulating layer 4 and 4. Electrostatic attraction acts 
on the conductive elastic bodies 3 and 3, and this ink outflow way 9' is blockaded, when an electrical 
potential difference is impressed among the common electrodes 2 and 2. 

[0013] Drawing 2 is drawing explaining an operation of the ink jet head of drawing 1 . (a) A ****** 
condition is shown. With the electrostatic attraction committed to the charge of the heteropolarity 
which +400v is impressed between the up-and-down common electrode 2 and 2, consequently was 
charged by both the conductivity elastic bodies 3 and 3, both the conductivity elastic bodies 3 and 3 are 
elongated and stuck in the direction to approach, and close a nozzle. 

[0014] (b) A ****** condition is shown. If two electrodes are grounded just before printing, the charged 
charge disappears, electrostatic attraction disappears, both elastic bodies will be restored to the original 
condition by elastic force, and ink outflow way 9' will be formed. Ink outflow way 9' is the same location 
as an orifice 6, and it is designed so that the opening may become a little larger than an orifice. In this 
example, as for the width of face of ink outflow way 9\ the diameter of an orifice 6 is 35 micrometers by 
30 micrometers. 

[0015] (c) It is a ** ink discharge condition. If the piezo equipment well-known, for example which is not 
illustrated is connected to a duct 7 and all nozzles are pressurized all at once, with the nozzle in which 
ink outflow way 9' was formed, ink 10 will project from an orifice 6 like illustration, and an ink column will 
be formed. Of course, there is no protrusion of ink from a closed nozzle. In addition, it is good also as a 
configuration which connects piezo equipment to the direct ink room 9, without minding a duct 7. 
[0016] (d) Since ** and the following dot are a part of natural complexion, as it does not print, it is in 
the condition which closed the nozzle again. This is (c). It is +1600v to the upper conductive elastic 
bodies 3 and 3 again immediately after making ink pressurize and breathe out. It performs by impressing. 
At this time, an ink column is cut, is set to ink droplet 10a with surface tension, and continues a flight 
with inertial force. Of course, in also printing the following dot continuously, it changes into the condition 
of having not impressed an electrical potential difference but having opened the nozzle as it was. And 
finally all nozzles are closed and printing is completed. 

[0017] Next, the above qualitative explanation is supplemented with quantitive explanation. However, 
since exact count becomes very complicated, it is an approximation calculation based on some 
assumptions. 

[0018] Electrostatic attraction P which acts on an upper conductive elastic body (this is set to "A") 
when closing a nozzle again (A) It asks. P (A) If the electric field of sigma and its point are set to E for 
the density of electric charge of the electron hole charged by the conductive elastic body 3 P=sigmaxE 
(1) it is . 

[0019] This electric field are formed with the electron of a lower conductive elastic body (this is set to 
"B") (density of electric charge - it is referred to as sigma). this electric field — Gauss' theorem E=(- 
sigma)/2epsilonoepsilon2 (2) it is . Therefore, (2) (1) It substitutes. P=-sigma2/2epsilonoepsilon2 (3) 
However, epsilono: Dielectric constant of vacuum epsilon 2 : It becomes the specific inductive capacity 
of a quantity dielectric constant insulating layer. 
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[0020] Therefore, if it asks for electron charge consistency-sigma, it will be electrostatic attraction P 
(A). (3) It is calculable from a formula. If it considers that ink outflow way 9' under ink protrusion of this 
electrostatic ink jet head is an parallel plate capacitor, the amount Q of charge charges will be 
calculated by the degree type. 

Sigma=CxV (4) C is electric capacity and V is applied voltage here. 

[0021] The density of electric charge ** the amount Q of charges in area S, and is called for. 
Sigma=Q/S (5) (4) The electric capacity C of a formula is the following (6), when the thickness and 
specific inductive capacity in an ink layer and the high dielectric constant insulating layer 4 are set to d1, 
epsilonl, d2, and epsilon2, respectively. It asks by the formula. 

C=Sxepsilono/(d2/epsilon2+d1 /epsilonl +d2/epsilon2) (6) [0022] It is d1, epsilonl, d2, and epsilon2 f 
respectively 80 micrometers, 80 or 20 micrometers, and 40 If area S is set to 2 1m 0=1x8.85x10-12/(20 
x1 0-6/40+80x1 0-6/80+20x1 0-6/40) =8.85x10-6/2 =4.43 (micro F) (7) (4) (5) (7) From a formula, it is 
the density of electric charge sigma. sigma=4.43x1 0-6x1 600 = 7.08x10-3 (C/m2) (8) It asks. 
[0023] It is this value (3) If it substitutes for a formula, they will be the up-and-down conductive elastic 
bodies A and B. Electrostatic attraction P (A) which works, and P (B) It asks. 

P(A) =P(B) =sigma2 / 2 epsilono epsilon2 (9) = (7.08x10-3) 2 / 2x40x8.85x10-12 = 7.08x104 (N/m2) 
[0024] Next, expanding of a conductive elastic band (deformation) An amount v is calculated. The force 
and elongation are ********(ed), when the force acts to the die length Lo before the force works and 
die length is generally extended to L in the case of an elastic body. At this time, the force equal to the 
force which pulls an elastic body from the exterior has occurred inside an elastic body. This is called 
stress sigma. moreover, the proportionality constant of distortion epsilon, the call and stress, and 
distortion by the value which broke extended die-length deltaL=L-Lo by the original die length Lo — 
elasticity — it is called Counting (an elastic modulus, Youngs modulus) E. 

Sigma=Exepsilon (10) [0025] That is, if the original die length Lo, and the pressure P (=sigma) and elastic 
modulus E to apply are known, die-length deltaL extended from the degree type is calculable, 
delta L=Loxsigma/E (1 1) [0026] the elastic modulus E of soft rubber is 0.4 x106 N/m2 (=0.4MPa=4 
Kgf/cm2), and, in the case of this invention, was described above — as — the original die length Lo — 
100x10 to 6 m, and electrostatic attraction (= stress sigma) 1.77x105 N/m2 it is . This value is put into 
(11) types. deltaL=(100x106x7.08x104)/0.4 x106 = 17.7x10-6 (m) (12) The expanding distance of a 
conductive elastic body was found. That is, drawing 2 R> 2 (c) When it sets and +1600v is impressed to 
the upper conductive elastic body, it will extend 17.5 micrometers of up-and-down conductive elastic 
bodies at a time, respectively, and they will close ink outflow way 9 \ 

[0027] Moreover, (9) Since the electrostatic attraction shown in the formula is larger than the welding 
pressure of ink a single figure, ink outflow way 9' does not open it by pressurization of ink. 
[0028] Drawing 3 is drawing showing other examples of this invention. Although drawing 1 and the 
example shown in 2 formed the conductive elastic bodies 3 and 3 up and down and elongated these to 
coincidence, the example of drawing 3 R> 3 serves as a format which used the conductive elastic body 
only for one side, and the material and process which are shown below — drawing 1 R> — it is similarly 
applied to the example shown in 1 and 2. 

[0029] After dividing into a superstructure, a substructure, and a side plate and creating, this ink jet 
head makes these 3 person rival, and is formed. 

[0030] A superstructure is 63.5-micrometer pitch (in the case of 400DPI) about the wallplate 1 1 which 
separates each ink room. It arranges to juxtaposition. The rigid body which vapor-deposited aluminum to 
homogeneity extensively as a common electrode 13 on the insulating substrate 12 on it, Or the rigid 
body which coated conductive resin is pasted up, and further, what covered the conductive elastic body 
14 by the thin insulating layer 15 is inserted between [ each ] wallplate 1 1, and it is fixing to it in the 
condition of having flowed through this conductive elastic body 14 in the common electrode 13. 
[0031] As a wallplate 1 1, in order to absorb an impulse wave, the one where a front face is softer is 
desirable, and the existing suitable oil-repellent resin is moderately better still, for example, insulating 
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plastics, such as a polycarbonate (PC), is used. 

[0032] As for the conductive elastic body 14, like drawing 1 and the example of 2, only the base is being 
fixed to the common electrode 13, and the 5th page in all of a top face and four side faces is free, and 
can deform now greatly by the small force from a wallplate 1 1, the side plate mentioned later 
(expansion). And the thickness of the conductive elastic body 14 is usually 200. It is at the mum and 
expanding time and is 235. It is mum and they are drawing 1 and twice the thickness of the example of 2 
exactly. 

[0033] Drawing 4 explains the process of the conductive elastic body 14 free the 5th page which is the 
key point of this example. First, the aluminum layer which serves as the common electrode 17 from the 
former on the substrate 16 insulating by the well-known approach is formed in whole surface 
homogeneity with vacuum deposition etc., and the wall surface which isolates an ink room on it is 
formed when casting processing etc. carries out the resin of a Teflon system or a silicone system. 
[0034] After adding the acetylene black and the vulcanizing agent of optimum dose to chloroprene 
rubber and making it distribute for a long time, it dilutes with suitable solvents, such as toluene, THF, a 
cyclohexane, and a butanol, the 30wt(s)% conductive rubber solvent a is created from the solid content 
concentration 15, and this is poured out on the above-mentioned substrate 16 placed on the horizontal 
table ( drawing 4 (a)). 

[0035] Next, it draws through with the metallic doctor blade b, and excessive liquid is eliminated 
( drawing 4 (b)). Then, since a wallplate 1 1 is oil repellency, a solution separates from a prism slightly and 
becomes a form like drawing 4 (c). Heating of this obtains about 20-micrometer conductive rubber layer 
c about 10% of the thickness of a solution ( drawing 4 (d)). This stroke is repeated and the conductive 
elastic body 14 of the thickness of a schedule is completed ( drawing 4 (e)). At this time, even if the 
conductive elastic body 14 did not fix to a wallplate 1 1 but has adhered, it can be easily removed only by 
moving lightly. 

[0036] the solution d which 0.6wt(s) % melted polyamide resin to the methanol next — the same — 
pouring — Blade b — cover printing ( drawing 4 (f)) — it heats, and the exaggerated coat of the 
insulating thin layer 15 is carried out on the conductive elastic body 14, and it completes ( drawing 4 (g)). 
[0037] As an insulating thin layer 15, extent which a charge leaks by moderate time amount is desirable, 
and about [ 1010ohmcm ] polyamide resin is not much more suitable than high resistance at volume 
resistivity. In addition, after applying insulating rubber instead of conductive rubber by the same 
approach, the exaggerated coat of conductive resin and the insulating resin may be carried out in this 
sequence. 

[0038] As a conductive elastic body 14, well-known conductive rubber is usable. Conductive rubber is 
created by distributing carbon black (acetylene black) into a rubber ingredient. The thickness of the thin 
insulating layer 15 which carries out the overcoat of it is 0.4. It considered as mum grade. 
[0039] On the suitable substrate 16, a substructure vapor-deposits aluminum, and forms the common 
electrode 17, and it is created by applying the insulating layer 18 of a high dielectric constant on it. It 
was set up so that the lower part of the thickness orifice might be reached, and in this example, it could 
be 80 micrometers. 

[0040] As this insulating layer 18 of a high dielectric constant, piezo rubber (" — 302" by NGK Spark 
Plug Co., Ltd.) is suitable, for example. This is lead titanate (PbTi03) to pro ROPURENGOMU. It is made 
dispersedly. Although this insulator does not need to be rubber, rubber is better in order to stick without 
the conductive upside elastic body 14 and a clearance. 

[0041] A side plate 19 is PET of 25 to 100 micrometer thickness. It is 63.5-micrometer spacing, the 
orifice 20 with a diameter of about 20 micrometers is opened in a film, and it is created. A 
superstructure is carried on a substructure, and if the location of an orifice 20 is doubled with the ink 
room formed by that cause and a side plate 19 is fixed, an ink jet head will be completed. In addition, the 
outflow way of ink is formed between the conductive elastic body 14 and the insulating layer 18 of a 
substructure at this time. 
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[0042] The operation of this example is the same as drawing 1 and 2 explained. However, according to 
the example of this drawing 3 , since what is necessary is to form the conductive elastic body 14 only in 
a superstructure, structure becomes easy and it is easy to create it. 
[0043] 

[Effect of the Invention] Since the ink outflow way is opened and closed using a conductive elastic body 
according to the ink jet head of this invention as explained above, except the time of printing, a nozzle 
will be closed and evaporation of ink can be lessened very much. Therefore, it can prevent the viscosity 
of ink rising by evaporation of ink and blocking a nozzle, that evaporate and dry ink plugs up an orifice, 
etc., and the effectiveness according to rank that stable printing is attained is done so. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing one example of the ink jet head of this invention. 
[Drawing 2] (a) since — (d) It is drawing explaining an operation of the ink jet head of drawing 1 . 
[Drawing 3] It is the decomposition perspective view of other examples of this invention. 
[Drawing 4] (a) since — (g) It is drawing explaining the formation approach of a conductive elastic body. 
[Description of Notations] 

1, 12, 16 Substrate 

2, 13, 17 Common electrode 

3 14 Conductive elastic body 

4 15 Insulating layer 
6 20 Orifice 

9 Ink Room 

9' Ink outflow way 

10 Ink 

10a Ink droplet 
[Translation done.] 
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ijimm isTmmztiz j: 5 cactus. 

[0 0 13] 0 2(1 ll(5-f>?yi7 h^y h'©f£ 

mzmw-rz>mT'$>%. (a) ±t© 
[0014] (w fifi]^«tts*-r. EP^awtcj^mffi 

P = a X E 

[0019] z\<omm^ Tm<Dmnmwft# (znzx™ 

E= (-a) /2 £ o £ 2 
*K, (2) KftALT. 

P = - a 2 / 2 £ o e 2 

fc#u e o : MQvmnm 
e 2 : &mmm&mm<Ditmmm 

[0020] n^mffiftg.- a *$&tuf»«9i* sn-s. 

a =C X V 

[0 0 2 1 ] S?t£g{;im^»Q£®*STl&LT##-s?Mo 
a=Q/S 



-r >^sstms^ 9 ' coiti«35 



* 7. 6 ©iEg#30/AmT, 
[00 15] (c) tt-f >^!ttlitt!8T?»*. HvUftV) 

-?¥icinffi"r*t, <>?i*tmi89' «»»j*sn&yx 

[0 0 16] (d) «. *©Py hjWftJM©— «©fc«>W 

«» (c) >2%tiaf£LTi±iii2iitcmmznzf±(D 

»W4#14#:3, 3 t+1600v 2rEniD-r-5diTSIfT$ 

o**yx;w*nt»&«J8icUT*<. ^bT, *«{C 

[0 0 17] £t±©j£tttt£tK9ifc:5£*WfcBl9i 
SHE"*-*. fcfcTU jE*fctt*tt*iHMifcfc.&© 

[ooi8] HA/x;i'€ai;«&sic. ±«©**tt 
#i4& cms taj t-r*) fcfiMBfaiMHiap 

(A) P(A) «««14#tt^3tC3fe«$nfciE 

(1) 

^fiE^n-s, c©a#«^^7©^ajc«to, 

(2) 
(3) 

★ *P(A) «(3) ^J;0ffmT^?)„ g&S^f>Jyi7 



(4) 



(5) 

5£T?3jtJi>€>ft5. 



(4) SC©«ft««CH:. -f >^Jia:nBI«*l6ltJ|4IC ♦£24t44. #©(6) 
«lt«IW&itR«4S«4E-n^tl. dl, el, d2, ♦ 

C = SX £ o/ (d 2/e 2+d 1/e 1 +d 2/e 2) (6) 
[0022] dl, El, d2, £ 2 5:. ^n^mOu * * m, 80. 20 /xm. 40 ®«S 4 1 D]2£-f-5 1, 
C= 1 X8. 85x 10-12/(20 xi0"6/40 + 80xl0"6/80 + 20X10"6/40) 
=8.85x 10-6/2 =4.43 (u F) (7) 
(4) , (5) , (7) 5£«fcD. Bttftftott. 

0 =4.43X10-6x 1600 
=7.08x10-3 (C/m2 ) (8) 
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(4) 



[0023] c:<Dffi£(3) scKftA-rntf, ±r<Dmn* 

P(A)=P(B) = a2 /% £ 0 f 2 

= (7.08 X 10-3) 2/2X40X8. 85X 10-12 
=7.08X 104 (N/m2) 
[0 0 2 4] ^IC, #tt&#tt«©#£ ( *v£ 

&i*t*iEJtfcrr«. £©p#. n«a»s»tt#£5it>B*3K 

. a =EX £ 

[0 0 2 5] -f&fc^. 7E©g£Lo tSPA-SEE^P 
(=a) tSttfEtWoT^nH *SU:9#tf* 

A L = L o X o/E 
[0 0 2 6] S£jJH>a*A©#ft:f?Ete, 0.4 X 106N/m 

2 (=0. 4MPa=4Kgf/cm2) *38«©f^±El/fcJ:3* 

A L = (100X106 X7. 08x 104) /0. 4 X106 
= 17.7x10-6 Qn) 

2(c) IC&I^T, ±©*«tt#ttft:t: + 1600v*JSllnia 
[0 0 2 7] (9) *»C*SnTt»*»«9l*«. 

-r >^©soEE^«kD ljffA^^oT. >?<dijui£\z£. 
[0028] i3ii *mwcom<DmMm&^-§rm-F3b 

6. HI. 2 (Catr&HMIi. ±T\zmn&¥m& 3 , 

3 ©HiSWa, *«ttfttttt€H-fl!k:<D*&ffl Lfc^iS 
tftoTHS. fit, KTt*-r*«-^«j*tt, 0 
1, 2 t>. HttHCiBflianS&OT 30 

So 

[0 0 2 9] £©< >&i?x.y h^y Htt, ±»SliS. 

[0 0 3 0] ±fiH»jfitt. §'f>fSS»llt5I«l 
1 £63. 5 /x m tf y (400DPI ©*■&) TM^JtcM^. 
©±tC&igH4©Xffi 1 2 ±H*a«« 1 3 t LT7;U5 

ffiSIHKtt. l 4 i 5 t-&^ 40 

fc*>©£#AU £©*«tt#tt#l 4£&iim@l 3 

[ 0 0 3 1 ] S# 1 1 t LTtt. 

k» mmz&mme>fr^&m$.L<. $e»fc, 

h (po ^oieaHt^^^-y^sttffl-rs. 
[o o 3 2] g^ttwttflc 1 4t4. hi, znmmmt. 

ffl&\Z, j£ffi©^#&a*&l 3k:B5£3nT^T\ ± 
iii£:4«ffi©£*>ltT5ffia«H«l 1 -5 <M«f§s 

*67>J-tft9THT. /h£ttft-?*«<£jg (H so 



*tt#tt#A. B tC«<«k«5l*P(A).P{B) a«j|l»6n«. 



(9) 



AffiW. &tz> i<¥tftz&2 AL = L-L o £7t©fi 
SLoTl!t)fcliS:I*£tW, J&#££*©Jt0!lJfc 
-V>^*) Etf3. 



(10) 



(11) 



•frklTcCOS^LotelOO xi0-6m . fan 1 }]*} ( =j^fja) 
tel. 77xlQ5N/m2 T?»S. £©(!£ (11) jStcAftT. 



(12) 



31) T#5J;5K:ftoT^S. fbt. #tttt9*&tt 1 
4©ffl|J*ti. 3*200 Mm. #SNfT*235 (imT$ D» 
TSE. HI. 2©^Jfi«0 2ffifOJP$T?*4. 
[0 0 3 3] B4tJ;i). *!6«0S©*-JlW>hT* 

>")Zl->m<Dmm*:&.MtQXmTZ>Z\£\Z&r>TMrfL 

[0 0 3 4] ^nn7V>a*A(C3i»©7-t^l/>y7 

THF, ->^n^\+-y->, r^y-;MFHSA:HHT« 
%lLTm&ftMg.l 5frt> 3 0wt%©»mi43*A^?PIa 

smau ntt**¥#±K«a»nfc±e©»Ri 6± 

K&< (04 (a) ) . 
[0 0 3 5] #tC. &JIH4© K Kb Tl^ 
^TA»*tt*#|»-r* (04(b)) . S»l 
l*«*fStt©fcJ6. ««JWtti>6b1 , *CinTBI4 
(c>©«fc5^J^fc^c*. rtl*Jn^T-&t, i§j£©ff£ 
©&J10%. g)2 0 tfmffliltt^Aic*«j|6n4 
(04(d) ) . C©fTe«r«IOjiUT^©^S©#^ 
tt#tt#14*^rtt5(B4(e) ) . C©<h£i£tttt 
4ttH#i ncH#UT43&-r. %>U <oo 

[0 0 3 6] -d€\z, ;hc#U75 Kttnsa. 

6wt X*A»Lfc8«dSra«fca«r»T^U-KbTLr 
*< 04 (f) ) . lnJRlsTlfiHHHl 5£3|«tt35H4# 
1 4±C*-/ta-hbT35j*-r*( 04 (g) ) . 
[0 0 3 7] Jfiflkj9HI 1 5 tLTti. &£0&ffi£iJ;9 

t>. a«*iSiBiT*fflr*««j-^-r*ss*ta*L<. & 

fflHWSixTl 0 10Qcm< 6V»0#iJ75 KttHAtHMf 
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(5) 



[0 0 3 8] 1 4 t UTH. ^^CD^tttt 

©JS£te, 0.4 KmiSiWc. 
[0 0 3 9] TSI$$jgtt3S^ftS«l 6±t7;P5*jR 

[0 0 4 0] H©*««*©«MWil 8 tLTtt. fct 
Atf, tX>/n*A (B*ftftft£lt8 rpR-3 0 
2 j ) jWgss-c**. :n«, 7 p aayu>rfA{c?^ 
(PbTi03) S»*UT^6nTl»*. £®«&Sktt 

[0 0 4 1] ««19.tt, 25-100 «m©PET 7^ 
A £63. 5Mm^RST» itg20 tfmg&©:*U 7^ X 2 0 

&*5. £©££. *«tt»te# 1 4 iT« 
flt&Ol&flUI 1 8 iOMlcf >i/ ©^ffij®7W£j&£tl 

[0 0 4 2] ;:©£ifi09©f£ffltt, HI, 2TK91L& 



20 



[0 0 4 3] 

l/feAbt, >;7©^^;:J;^^'r> 
?©&fi^\h#LTyX;^£§S££i^-.5::<^: J ?^ XXL 
T*» Ufc-f > * ft** ij 7 a 7s £8 < £ k.m £05 JhT 
* > £S b EP^ Sim \Z 13. Z> t Ir » -5 «8>J © «& * £ fFT 
3. 

[@Sof9iW<tSiW] 

[01] *mW<DA >tri?x.y h"\>> HO— 
-f$r®0T&&. 
[0 2] (a) *»6(d) tt, 110-f>7yi7hA7h' 

[0 3] **W©te<0H*«O»/»»«HT**. 

[0 4] (a) ft* 6(g) tt*«ttWtttt0J*jftM£&K91 

[«F*©RW] 
1 , 12, 16 
13, 17 
1 4 
1 5 



2 
3 
4 
6 
9 

9' 
1 0 
10a 



2 0 



as 
mmm 
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[01] 



[0 3] 




% 3 

100/xm /40]um 



20/xm 
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(6) 



[02] 



m4i 



(a) 



(b) 



(c) 
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(f) 
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